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Investigations Undertaken

We have installed the autoCMT software, which computes fully automated global

Centroid Moment Tensors, at the National Earthquake Information Center. This system

had been operating successfully at Caltech but ceased to be supported there. For the past

decade, this system had provided a valuable service as one of the few, if not only,

providers of completely automatic reliable CMT solutions for worldwide events greater

than magnitude 5.5. In addition to successfully installing and running the system as it

existed at the Caltech Seismological laboratory, we have also started the implementation

of further improvements that will result in a more efficient, more reliable and faster

system to deliver completely automatic CMT solutions for worldwide large earthquakes.

The previously implemented systems at the NEIC either do not run fully

automatically, do not determine a centroid time or location and/or are less suited for great

earthquakes, because of their reliance on relatively short period body waves, in contrast

to the very long period surface waves used by the autoCMT. Thus the autoCMT system

fulfills an important need and, based on its unique strengths, is complementary to existing

methods at the NEIC. The long period nature of the seismic waveform data the system

uses as its input has the additional advantage that the method is relatively insensitive to

the effects of timing errors, mislocation, and lateral heterogeneity. The autoCMT

determines reliable moment magnitude estimates and mechanisms, and performs

particularly well for events greater than 7.0. It is especially notable that this fully

automatic method performs equally well as its human reviewed counterparts for most

large events, even with its input minimum of only 12 waveforms.

Results

We have implemented the existing autoCMT software at the NEIC, where it has

been running, fully automatically, over the past several months. Further integration with

routine NEIC operations and the Hydra system is currently proceeding.

Two main changes were made to the existing system (see Figure 1): one involved

the triggering mechanism, the other the waveform retrieval mechanism. Previously, the

autoCMT was triggered by an event notification E-mail from the NEIC. A new trigger

was implemented with the help of Dr. Paul Earle, using a cubic message sent by the



NEIC event locator. This message is parsed to check for a minimum initial magnitude of

5.5 and only considers reviewed event locations. The main improvement to the system is

the new waveform retrieval module. Access to the waveform data has been facilitated by

the use of the NEIC wavepool. Not only is access to the data now much faster than by

having to use the IRIS data depository, it has also proven much more reliable and thus a

further speed increase is achieved because fewer quality checks of the waveforms are

needed. The waveform acquisition is now no longer a bottleneck in the autoCMT process

and the main performance limit on how fast a CMT solution can be produced for an

earthquake is the propagation speed of the long period surface waves needed for the

inversion. This translates into a time-to-CMT for the average earthquake (dependent on

location and station distribution) of only 45 minutes after origin time. Since sufficient

waveform data (12 traces or more) will always eventually be available via the USGS

wavepool, every earthquake-trigger will now produce a CMT solution.

In addition to these important improvements to the performance of the system in

terms of data access and processing, we have also started to investigate ways to improve

the quality assessment of the CMT solutions and, closely related, improve the solution

itself through the use of iterative inversions and criteria for the selection of waveforms to

use as input in the inversion. To examine the best combination of outlier-removal and

number of used data traces, based on criteria either involving absolute trace variance

reduction or trace variance reduction with respect to overall variance reduction after the

initial inversion, we have implemented three different near real-time inversions. After a

short period of testing, it appears that the most reliable near real-time solution is the one

from an inversion that discards those traces with a low absolute variance reduction (less

than 3%) from an initial inversion using all available waveforms. Therefore, this is our

currently preferred near real-time solution, provided the number of input waveforms after

the selection criteria have been applied still exceeds a lower limit of 12.  We have

additionally started to investigate the possibility of using a jackknifing method to give an

improved indication of the reliability of the CMT. For near real-time functionality, we

will implement a set of inversions with a reduced channel list. Due to time

considerations, we limit the number of inversions to five or less. To this end, we remove

one station per inversion if the number of channels available is limited to 20 or less or

alternatively, we carry out inversions on subsets of channels if more channels are already

available.

The autoCMT solutions also have a valuable use as a near real-time starting point

for full finite fault rupture inversions and strong ground motion predictions of great

earthquakes. To this aim, further integration with Dr. Chen Ji’s software at the NEIC is

possible and planned in the near future.

Non-technical Summary
We have implemented the autoCMT software at the National Earthquake

Information Center. This system provides completely automatic source mechanisms for

worldwide large earthquakes, performing particularly well for events greater than 7.0. In

addition to installing and operating the system for the past several months, we have

started the implementation of further enhancements. Waveform access and processing has

significantly improved, providing both more reliable as well as much faster source

characterizations. We have also started to investigate techniques to improve the quality



assessment of the inversion results and, closely related, refine the solution itself through

iterative inversions and waveform selection procedures.

Figure 1: Simple flowchart of the autoCMT system. The components of the original
system (as operational as the Caltech Seismological Laboratory) that were replaced are
shown in light gray; the black color shows the system as implemented at the National
Earthquake Information Center. The main modifications were made to the triggering
mechanism and the waveform access and processing module.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


